A filtration technique for the gentle lysis of erythrocytes has been developed using cellulose triacetate membranes. When cell suspensions are filtered under nitrogen pressure, lysis occurs at the surface of the filter in such a way that the cell ghosts are retained on the filter. The contents of the cell are extruded / through the pores of the filter without mixing with the cell suspension. Cell ghosts and intact erythrocytes have been collected on membranes and examined by electron microscopy. These preparations have the advantage of being free of the structural artifacts that result from centrifugation. In addition, the filter facilitates preparation for electron microscopy by providing a support for the sample during fixation and then dissolving during the dehydration of the sample.
INTRODUCTION
The development of techniques for the isolation and lysis of erythroid cells has been central to the progress that has been made in understanding their biochemistry and morphology. However, there are limitations to the use of these techniques in characterizing the membranous fractions of erythroid cells. Centrifugation of red cells causes a number of artifacts, including collapse of the cell shape and the sedimentation of particles within the cell (I, 2). Freeze-thaw, hypotonic shock, and other hemolytic procedures disrupt the normal state of membranes. Moreover, these procedures allow for artifactual redistribution of cellular components between cytoplasmic and membranous fractions.
Filtration methods have long been used to remove cells, microorganisms, and subcellular particles (3) from suspension and to separate these particles on the basis of size. Erythrocytes have been fIltered on poly carbonate , cellulose, cellulose ester, and plastic mters, and the ability to pass through pores smaller than the dimensions of the cell has been used as a measure of deformability of normal and abnormal red blood cells (4) (5) (6) (7) (8) (9) . This paper describes the use of fIltration for the gentle lYSis of human and chicken erythrocytes and the preparation of the resulting cell memb ranes for electron microscopy.
MATERIALS AND METHODS

Red Blood Cells
Freshly drawn human blood was stored for a maximum of 2 hours in the presence of heparin at 4°C before use. Human outdated cells, graciously donated by St. Joseph Mercy Hospital Blood Bank, Ann Arbor, Michigan. were stored at 4°C in acid-citratedextrose Formula A (1.66 g of glucose, 1.49 g of trisodium citrate, 0.54 g of citric acid, and 67.5 ml of water per 450 ml of blood) and were used within 2 weeks of the expiration date. Washed chicken red cells, purchased from Pel-Freeze Company, were stored at 4°C in the presence of heparin. Immediately before lysis, the cells were washed 3 times with 0.9% NaCI to remove white blood cells and other contaminants. The red blood cells, suspended in the NaCl solution, were collected by centrifugation at 5,000 g for 10 minutes. After each spin, the supernatant fraction and the buffy coat, together with some red blood cells, were decanted. The thoroughly washed cells were finally suspended in 0.25 M sucrose.
Filtration Procedure for the Lysis of Red Cells
Filtration was perfonned at 4°C under nitrogen pressure in an Amicon Model 52 Diaflo cell with GA-type Triacetate Metricel membranes from Gelman Instrument Company. The GA-I, GA-3, and GA-8 filters used in these experiments were specified by the manufacturer as having mean-flow pore sizes (mps) of 5.0, 1.2, and 0.2/.1, respectively. Immediately before each experiment, 0.25 M sucrose was forced through the filter. Washed cells, suspended in 0.25 M sucrose, were filtered under a pressure of less than 40 psi. The ftltrate was collected in 1-3 ml fractions. The degree oflysis was determined by reading the absorbance of hemoglobin at 416 m/.1.When the desired volume of solution had passed through the ftlter, pressure was released and the suspension that had not passed the ruter was carefully decanted. The material on the filter pad was directly fixed and stained for electron microscopic analysiS.
Electron Microscopy
Filters with adhering cells and cell ghosts were prepared for electron microscopy by fixation in 3% glutaraldehyde (Ladd Research Industries) containing 0.1 M phosphate buffer, pH 7.3, for 2 hours. The samples were washed 3 times in 0.2 M sucrose/OJ M phosphate buffer (pH 7.3), postflxed in 2% osmium tetroxide/O.1 M phosphate buffer for 2 hours, rinsed twice in phosphate buffer, and finally washed in water. The filter was cut into small pieces about 0.5-1 mm square. The filter pieces were dehydrated by several washes with 50, 70, 95, and 100% ethanol, followed by two 30 minute washes in propylene OXide, which solubilized the filter. The samples were placed in a 1: 1 mixture of propylene oxide-Epon (Shell Oil Co.) for 1-4 hours and then in Epon overnight. Samples were then embedded in freshly prepated Epon and polymerized for 48 hours at 60°C.
Sections were prepared with a diamond knife on a Reichert Om-U2 ultramicrotome and sections were placed on Formvar-carbon-coated copper grids. Mounted sections were poststained with aqueous 7% uranyl magnesium acetate (10) and lead citrate (11) . Electron microscopic examinations were made with an ARI EM-6B electron microscope.
RESULTS
Some of the characteristics of the filtration techniq~\l for the lysis of erythrocytes are shown in Figures 1 and 2 . In each of these experiment~ the 416 m.u absorbance of hemoglobin in the supernatant fractions was used as a measure of the degree of lysis. Figure I shows the manner in which the degree of lysis changes as the filtration proceeds. No cells or stroma passed through the GA-I (5 .u mps) filter as judged by the failure of centrifugation ofthe filtrate to sediment cells or stroma or to decrease absorbance. In contrast, the red cell suspension above the filter showed no free hemoglobin in solution when the procedure was interrupted and the suspension centrifuged. If this suspension of red cells (which had failed to lyse) was mtered on a new GA-1 membrane, lysis occurred similarly to that described in Figure 1 . However, when a filter that had preViously been used with a large number of cells was then employed with a fresh suspension of cells, no additional lysis was observed. Red cell membranes could be r()moved from the filter by inverting it and then passing solution under pressure through the nIter in the opposite direction.
The degree of lysis was dependent on nIter pore size, the nature of the suspending medium, and cell concentration. Lysis occurred on GA-type membrane filters of mean pore sizes ranging from 5.u to 0.2.u. The filters with larger pores accomplished a greater degree oflysis and showed a faster flow rate. The degree oflysis in sucrose solution was greater than that in isotonic saline. Figure 2 shows the relatiPflship between amount of erythrocytes placed on a GA-I (5.u mps) membrane (in a stilndard volume) and lysis that Occurred when the filtration was brought to completion, Figure 2a shows that with small amounts of erythrocytes there is a linear relationship between total amount of lysis and number of cells mtered, but with an increasing number of cells a state is reached o VOLUME OF FILTRATE (ml.) where no further lysis occurs. Figure 2b shows that the procedure achleves nearly com· plete lysis when smaller amounts of cells are applied to the mter.
The mechanism by whlch flltration results in lysis of red cells is illustrated in Figure  3 . This figure shows an electron micrograph of a fraction collected on a GA-8 (0.2/-1 mps) membrane following mtration lysis of nucleated red blood cells from chlckens. The cell membranes and the entrapped nuclei are seen lined up on the surface of the mter (see arrow) before it was solubilized during the dehydration procedure. Thls figure illustrates that the chicken erythrocyte cell membranes have been pressed down into the small pores of the mter. Some of the nuclei are being disrupted in a similar manner, by having their membranes forced into the filter's pores. 
DISCUSSION
Filtration on Gelman filter C Illp cd of cellulo deravativ i a '\imple. rapid. nd gent le procedure for the lysis of red bl d ell. If relallvel m311 allluunt 01 c 11 arc employed, the ly i is essentially comp lete · Ig. _b . Mor over ,the filtration a llmpli h Fig. 4 . Electron micrographs o f ery throcy te ghosts collec ted on a GA-8 (0.2 11 mps) membrane during a filtr atio n lys is of outdated human red blood cells. A suspen ion of I ml o f red cell s in 24 ml 0[0 .25 M suc rose was filtered tlllliiapproJo.irnatcly 7 ml had pased through th e membrane. The filter pad was prepa red for elec tron micro 'copic observa tion as de cribed in the text (fi nal magnifica tion , X 4 ,400). a simu lt aneous fra ctio natio n of cell ghosts and soluble fraction, since the membranes are not ab le to penetrat e the pores of the filte rs used for cell lysis. The fact that no free hemoglob in was present in the suspension above the filter , and the finding that each filter was capable of lysing only a certain number of celis, suggested that cell lysis was taking place at the surface of the filter. It has been demonstrated by electron microscopy that membranes of the red cells are lysed within the pores of the filter , and this explains why the hemoglobin is extruded through the membrane without mixing with the suspension above the filter.
This simultaneous lysis and separation of soluble and particulate fractions should be of grea t value in attempting to evaluate whether cell com ponents are cytoplasmic or membranous. Hemoglobin , enzymes, metal ions, and a vast number of other molecules are found associated with the erythrocyte membrane following lysis by other procedures. However, it has not been possibl e to establish whether the composition of such membrane preparations is similar to that of the intact red cell membrane or if artifactual bindin g and/or dissociation 0 f components has resulted as a consequence of alteration of the membrane . Certainly th e time span between hemolysis and separation of solub le and membranous fractions that is inherent with other techniques gives the outer surface of th e membrane every opportunity to interact with soluble cellular components. By minimi zing membrane damage and avoiding contact between soluble cellular components and the o uter surface of the membrane , this ftltration technique shou ld provide membranous and cytop lasmic fra c ti o ns uniquely suitabl e for chemical and enzymatic characterization. With the large-diameter Gelman fIlters now available, quantities of erythrocy te membranes su fficient for analysis cou ld be dislodged from the fil ters by the technique described.
Th e red cell gho ts prepared by this m thud are free ul th lIIule llt introduced by centrifu ga ti nand tllu re well Ult -d ttll ultr. trul,;\ural an II other physical [udies. li e ntter facilllate preparatiun I Ir clcl;lmll 1111 ' flI P viding a su pport for th e sample up to the dehydrall n lep. 1 It· ,llIllh' tlon durin g the dehydrati n is advantageuus in that It clilllinal s til JlI Ihlhl 01:1 nbill' properties of th e filt er to th e ampl '. The Illtrution lJ1clhud I 1/111 a cllile I II plU~ Jill that provides an opportunity to ob tain erythroLyle gh sl '" ilh /111 111 111 a 1 \'\IIIIJlllin. lIOn and trll ctural artifact. 
